Abstract
Introduction

37
Division of labour can be found on all levels of biological organization and has arisen 38 independently during several of the major transitions in evolution, for example during the (and kings in termites), whereas the majority of the colony members -the workers -remain 48 functionally sterile. All other colony chores are distributed among the workers, which specialize 49 on specific tasks such as brood care, nest defence and foraging [3] .
50
Whether a worker stays inside the nest and cares for the brood or leaves the nest and 51 forages is strongly influenced by age and physiology with brood carers being younger [3], more 52 corpulent [6-14] and more fertile [15, 16] than foragers. Due to high external mortality outside 53 the nest [17] , this age-and physiology-based non-reproductive division of labour is beneficial, 54 because it ensures that young workers with longest residual life span, the largest amount of 55 stored resources and the highest reproductive potential stay inside the safety of the nest.
56
Although age and physiology are important regulators of worker task choice in many 57 social insects, few common mechanisms linking age and physiology to behaviour have been 58 found. For example, the switch from brood care to foraging is at least partly regulated by an 
73
In honey bees, the foraging gene is highly expressed in the optical lobes and mushroom bodies 
Material and methods
118
Sample collection and preparation 119 We collected 38 monogynous colonies of the ant T. longispinosus with an average colony size 120 of 29 ± 1.5 (mean ± sd) workers at the E.N. Huyck Preserve, Rensselearville, NY, USA in June August, all field collected workers were at least one year old (termed "old"). Temnothorax 123 queens are singly-mated which reduces the potential genetic effects on worker behaviour [76] .
124
In our laboratory in Mainz, Germany, the ant colonies were transferred to slide glass nests and 125 kept in plastered 3-chambered nest-boxes ( Figure S1 ). We maintained them at a 14h:10h 126 light:dark photoperiod and a +22°C:+18°C temperature regime to facilitate brood development.
127
Ants were fed with crickets and honey three times a week. We randomly marked either all 128 young (upon eclosion in the lab) or all old (field collected) workers with thin metal wires 129 (0.02mm, Elektrisola) in each colony, allowing us to differentiate between the two age cohorts.
130
Disentangling the effects of behaviour and age on gene expression requires a full factorial 131 design regarding behaviour (brood carer, forager) and age (young, old). To achieve this, we . To test whether differences between age confounded PWC and 217 the age controlled GLM (described in the previous section) depend on whether the dataset was confounded with age or not or on the statistical approach (pairwise comparison vs. GLM), we 219 additionally run a GLM on this age confounded dataset including fertility as a blocking factor 220 (age confounded GLM). We compared the number and identity of differentially expressed 221 genes (DEGs) to those, identified with the age controlled GLM. Functional enrichments and 222 WGCNA were performed as described above.
223
As differences between both age confounded and age controlled approaches can also be 224 explained by differences in sample size (age confounded dataset: 8 brood carers vs 8 foragers; 
Results
232
DEGs associated with behaviour independent from age and fertility
233
A total of 448 genes were differentially expressed between the two behavioural castes (226 
258
Six modules of co-expressed genes were identified using WGCNA (Table S4) caste-specific DEGs (χ² test: p < 0.0001), but higher than fertility specific DEGs (χ² test: p = 267 0.001).
268
Among those genes overexpressed in young workers, we detected multiple cytochrome
269
P450 genes including CYP4AB2 and CYP4AB1 that were previously found to exhibit a worker-270 specific expression in the fire ant Solenopsis invicta (Liu and Zhang 2004 compared to infertile workers ( Figure S4 ). In infertile workers, the only overrepresented 289 biological process was L−phenylalanine metabolism ( Figure S5 ).
291
The combined effect of behaviour and age on gene expression 292 We used an age confounded subset of the data to characterize the importance of experimentally overrepresented was similar to the ones we found when using the age controlled GLM (3 vs. 8;
300
χ² test: p = 0.132; Figure S6 ), but fewer biological processes where detected among the DEGs 301 of foragers (2 vs. 13; χ² test: p = 0.001, Figure S7 ).
302
The age confounded GLM yielded a total of 764 DEGs between both behavioral castes 303 (Figure 5a) DEGs (mean ± S.E.) were identified, which is not different from the 442 DEGS found using 
312
A WGCNA on the age confounded PWC dataset yielded 48 modules. Out of these 313 modules, 14 were associated with brood carers or foragers (Table S5) . 
